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A variety of planmed low cost space missions (c.g. NMAR, MA STER, R OSKETTA, C4, CNP will involve
rendezvous with, ana orbits about, sinall solar- system bodics such as asteroids and com els. Rendezvous
missions of this nature have not been performed previously, with all previous encounters having been flybys.
Thus there are a number of issucs and challenges for navigation which hiave not bheen previously considered.
Thispaper will identify thediflerent missionphases for stnall body encounters and the navigation require-
mients, objectives and goals imvolved with cacliphase. Also, certain practical limitations with respect to
mission design will be identified anddiscussed. The basic phases and issues to be addressed arc as follows.

Pre-encounter characterization.  Prior to the actual encounter with the small body the knowledge base
pertaining to the body nust be expanded. This includes an iinprovement to the eplicineris of the body as
well as estimates of the body size, shape, density, rota tion rate and rotation pole.

I'ncounter and Rendezvous phase. This phase extends from target acquisition to delivery of the probe at
somce nominal distance (thousands of kilometers) from the target. During this phasc the target must be
acquired andasequence of mancuvers st be exceuted which target the probe to the siall body, essentially
a point. in space.

Initial Characterization phasc. During this phase the probe flies towards the target at a reduced speed and
begins to build UP an optical information bascabout the target. A model of the target st be constructed
whichiincludes the body’s size andshape, attitude and attitude dynamics, and preliminary estimates 011 the
body’smassand gravitational harmonics. If the target body is a comet, then preliminary estimates of the
outgassing ficldmustbe made as well as locations of themnajor jets on the cornet surface.

Initial Orbit phase. When the probe enters into an initial orbit about the body, the gravitat ional harnonics
and mass Of the body arc estimated, relying 011 Doppler data. If thic body is acomnet, then the outgassing
ficld is also estimated. This period is crucial as a checkout, period where the assumed mission plans and
control algorithins are comnpared with the actual environmment at the small body.

Mission pliasc. Pending satisfactory results from the previous phases, the mission Phase consists of an
exlended period of orbits about the body, but may also consist. of preparing a probe delivery to the surface
Of ihc body.Ducto the simall size and mass of these bodics and their irregular size, tlic probe will besubject
to large perturbations fromn solar pressure, gravitational harmonics and non-gravitational eflects which arc
not ericountered in classical planctary missions. Fstimates on the sizes of these pert urbations and their
effects onrorbits in various geometries arc given. We also address the control, reconstru ction and prediction
of orbits about these sinall bodies and the amount and type o f data necessary  {o fulfill these go als. For
certain lypes of missions it may be feasible to introduce some level of autonomous navigation and control
during this phase, allowing for a reduction in operations cost.

Navigation of spacecraft to and about siall solar-systemn bodies is challenging and raises miany issues O f
fundamental iinportance which should be understood by mission designers and sponsors. 'This paper will
identify the most important issues and discuss ways in which they must be dealt with. 1t aso provides a
methodology with which to approach navigation for small body missions.



